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Effective Treatment of Pancreatic Tumors With Two 
Multimutated Herpes Simplex Oncolytic Viruses 

Priscilla F. McAuliffe, M.D., William R. Jamagm, M.D., Pau/ Johnson, Ph.D., 
Keith A. Dehmn, M.D., Howard Federoff, M.D., Ph.D., Yimmn Fong, M.D. 



Pancreatic cancer is an aggressive, rapidly fataJ disease against which current nonsurgical therapy has 
minima! impact This study evalaares the efficacy of two novel, replication-competent, multimutated 
herpes vim<ics (G207 and NVI020) in an experimencal model of pancreadc cancer. Four human pancre- 
atic carcinoma ceU lines were exposed to G207 or NV1020, and cell survival and viral progeny produc- 
uon were determined. Flanic nimors in athymic mice were subjected to single or multiple injections of 
1 X 10' G207 or JS'V1020, and tumor volume was evaluated over time. For all of the cell lines G207 and 
NV1020 produced infection, viral repiicarion, and cell lysis (P <0.05). NV1020 resulted in a higher pro- 
ductjon of viral progeny compared to G207. The efficacy of viral tumor ceil kill was greatest in those cells 
with the shortest m vitro doubling rime. For flank tumors derived from hs766t, single or multiple injec- 
Bon.s of both viruses were equally effective and significandy reduced flank tumor burden (P <0 05) Com- 
plete hs766t flank tumor eradication was achieved in 25% (5 of 20) of animals treated widi G207 and 40% 
^ of 20) of animals treated with NV1020. In vivo efficacy correlated widi in vivo tumor doublbg time. 
There were no adverse effects related to viral administration observed in any animal, 1W1020 and G207 
efFecrively infect and kill human pancreatic cancer cells in vitro and in vivo. Given die lack of effective 
nonoperadve treatments for pancreatic cancer, oncolytic herpes viruses shooitf he considered for clinical 
evaluation. (J Gastrointest Surg 2000i4:58O-S88.) 
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Pana-eatic cancer is an aggressive malignancy with 
5-year survival rates of 1% to 4%.' It is estimated that 
there mil be 28,300 new cases and 28,200 deaths from 
pancreatic cancer in 2000.^ Resection is the only 
treatment that offers the possibility of long-term sur- 
vival. Recurrence is common, however, even after 
complete resection. Currently available therapies have 
been disappointing in their ability to reduce the inci- 
dence of recurrence and have a very limited impact in 
patients with unresectable disease. Novel treatment 
strategies are therefore necessary to further reduce 
the morbidity and mortality of pancreatic cancer. 

The use of viruses is central to many antineoplastic 
strategies that have proved effective in experimental 
models. Many of these approaches use replication- 
defective viruses as vectors to transfer genes encod- 



ing protein products, such as imrounostimidating cy- 
tokines,'-'* prodrugs,''*' rumor suppressor genes, '-^ or 
other agents. An alternative approach uses repli<ation- 
competenr viruses to infect and lyse tumor cells. 
In this regard, a number of viruses are currendy being 
examined as treatment for cancer, such as Newcastle 
disease virus,' adenovirus.'^ and herpes simplex 
viruses."-''* A major advantage of replication- 
competent oncolytic viruses is that they may be ad- 
ministered in reladvely small doses because die lyric 
life cycle generates progeny viruses capable of lysing 
addidonal target cells. 

Oncolytic herpes viruses were originally e.xamined 
for die treatment of neurologic tumors, attempdng to 
exploit the natural neurotropism of herpes simplex 
virus (HSV)" aixd using strains genetically engineered 
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to have reduced cytotoacity to normal tissues and in- 
creased specificity toward tumor cells.'^ Initial success 
spawned fcrther research into the use of these Zse 

oncolytic herpes simplex viruses were subsequently 
shouT, to infect and kill diverse cancer types n.'tfa 
Two promising viruses in the current generation of 
^T^f "!'^Tn?f ^^^P« ^'"^P^^^ viruses are 
fl J "^t T'V ^'"^ ^ 020). Both were 
developed from die strain F backbone of HSVtype 1 
G207 ,s a vinis designed specifically for cancer iier- 

1^ tf ^1 ''"^ '"P^'' °f "^^^^1 y^^ s 

gene deleted to decrease HSVneurovimience and the 

rfm I "^Tl^'^f. '° *= specificity of 

tx207 for rapidly dividing ceUs.^W NV1020 was ini 
tidiy designed as a «ccine apinst HSV t>T3e 1 and 2 
mfections and has one copy of the y,34J .ene 
de eted, as .veil as ojer gene rearrangeints tide 
crease vini^ence -^^ The ICPd gene is intact This re- 
port describes the use of diese vinises in die treatment 
ot expenmenal pancreatic cancer. The data show that 
both viruses have significant activity against human 

anTrh ^''^ vivo, 

and that efficacy ,s greatest in more rapidly dividing 
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I'^aT^ T''"^ " ^^"i titers were con- 

fimed by plaque assays. Virus was stored at -8o" C 
mNaCl-20mmoI/LTrisatpH7.5. 

Cell Culture 

from ATr7f 'T^' ''^^ ""^ P"^^«ed 

from ATCC were mamtained at 37° C in a 5% carbon 

I^IIa t' ,f ^f^^~^ (CRL1469) were main- 
^ned m Dulbecco's modified Eagle medium withTs 

lt.Kj.i6H2) was mamtained in RPM 1640 ivith 
sodium pjTuvate and 10% fetal bovine serum. 

Population Doubling Time 

nSlffr^^^n'^"^''^ ^ 10^ cells in replicate T-25 
fl ks (Costar Corp., Cambridge. Mass^. Over the 
fol owmg 7 days, at 12-hour intenrals, monolayers 

ter i^mg trypan blue exclusion. The average dumber 
of cells at each tmie point (n = 2) was plotted as a 
fanction of time, and doubling time was eLapda^d 



MATERIAL AND METHODS 
Viruses 

G207 was constructed as previously described.'^ 
Both copies of the y,34J gene were deleted and the 
t. col, lacZ gene was inserted into the U,39 sequence 
todisable production of ribonucleotide reductase." 
NV1020 was clonally derived from R7020 and con- 
smicted as previously described.^^ NV1020 has a 15 
Jcb deletion over the joint region of the HSV-1 
genome, whicii encompasses the genes ICPO ICP4 
and one copy of y,34J, as well as kicncy-associated 
J-anscripts It also has a 700 bp deletion of the en- 
dogenous diymidine kinase (TK) locus diat prevents 
expression of the overlapping transcripts of the U,24 
gene. In addition, a 5229 bp fragment of HSV-2 
ONA encoding for several glycoprotein genes was in- 
serted into the deleted joint region. An exogenous 
copy ofthaHSy^TK genes .vasaboinsertedSe? 
the control of the a4 promoter. Virus at a multiplicity 
of infection (.MOO of 0.02 was propagated in African 
green monkey kidney (\^R0) cells obtained from 
American Type Culture Collection (ATCC, Rock- 
ville Md^) and maintained in Dulbecco^s modified 
Eagle medium and 5% fetal bovine serum. Two days 
after infection, VERO cells were subjected to freeze- 
thaw lysis and sonication to release virus. Cell lysates 
were clarified by centrifiigation (300 X g for 10 min- 
utes at 4 C), and supernatant fractions containing 



Survival Assay 

. Viability of the four human pancreatic cancer cell 
l.ne populaoons after exposure to G207 or NVim 
was determined as follow^: cells were plated at a den- 
CLI T^ 'r^'' 24-weU^Iateslcotr 
thTin ^'^ aspirated and 

the appropnate concentration of virus in fresh 
medium was applied in a final volume of 1 ml. V^s 
was added at multiplicities of infection (rati^f v,'^ 
to eel s) of 0.01, 0 1, and I.O. At I, 2, 3, and ?day"^ 
ter mfecQon, wells were wa.shed with 0.25% EDTA 
and e.tposed to 0.25% trypsin. Cells were counted on 

viahlTST'''"'"^'^'" '•'"^ exclusionof non- 
viable cells^Assays were performed in triplicate. Sur- 
vival of each cell Ime population was calculated as the 
number of cells m treatment groups divided by the 

ri^h- d'hT^oir'^^^' -"'-^ 

Viral Plaque Assays 

To demonstrate viral replication, standard plaque 
HTBl47''lf7^°""'^ i" rf-P'i^^^e on hs766t and 
HTB147 cell lysates and supernates. The cell lines 
chosen tor plaque assay had the longest and shortest 
doubhng tames, respectively Cells plated at S X IQS 
intn """l fCostar Corp.) were 

infected with G207 or WI020 at MOI 0.01 For 
each daily time point, cells were scraped from each 
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weU m their medium, transferred to 15 ml polvpropv- 
lene tubes (Becton DicJdnson Labware, FranMin 
Lakes, N.J.), and subjected to four cjxles of freeze- 
thaw Ij-sis, and centrifugation at 3000 x g for 10 otin- 
utes at 4° C. Supernatant fractions were added to con- 
fluent VERO cells for standard plaque assay. Plaques 
were counted 3 days after VERO cell infection, and 
recovered aters were determined. MOl was calculated 
by dividing recovered titers by die number of viable 
cells m the sunavai assay. 

Treatment of Flank Tumors in Athymic Mice 

Ail experiments were performed with approval of 
the Memonal Sloan-Kettering Institutional Animal 
Care and Lse Committee. Animals were housed in 
pathogen-free quarters in the animal facility, and 
weighed and examined three times per week 

Separate experiments with hs766t and HTB147 
human pancreatic cancer cells were performed iden- 
tically. The cell lines chosen for the in vivo study had 
the longest and shortest doubling times, respecdvely 
Twenty-five athymic mice (National Cancer Insti- 
tute), aged 4 to 6 weeks, were anesthetized with 
methoxj'flurane inhalation; 2 X 10« cells of the pan- 
creanc cancer cell line were injected suhcutaneously 
m serum-free medium bilaterally on the flank Tu- 
mors were measured three times per week. Tumor 
volume was calculated using the formula 4/3irab2 
where a is the radius of the long axis and "b" the ra- 
dius of Ae short axis in millimeters. When tumor vol- 
uine reached 22 ± 3 and JO ± 3 mm^ (± SEiVI) for 
hs766t and HTB147, respecdvely. animals were 
sorted mto five treatment groups of n = 10 tumors 
tor mjection of agents in a volume of 0.075 ml serum- 
free medium as follows: single dose of 1 X lO- plaque- 
T^iT'"^ ^P^> daily doses of I X 10? 

phj G207, single dose of I X 10^ pfo NV1020, three 
daily doses of I X 10? pft, NV1020, or three daily 
doses of serum-free medium. Duration of response 
was monitored for 3 weeks. Control medium, both in 
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Table I. Survival 



CeU line 



HTB147 
AsPC 
PANC-l 
hs766t 



Histology 



Adenocarcinoma 
Adenocarcinoma 
Epithelioid carcinoma 
Adenocarcinotna 



TD 
(hr)* 



Vitro ajid m viyo, was either serum-free medium or 
phosphate-buffered saline solution. Previous studies 
in our laboratory showed no difference between the 
heat-mactivated virus and culture media or phos- 
phate-buffered saline solution alone. 

Statistical Analysis 

Student's two-tailed t test was used to determine 
significance between various txeatment groups in both 
the m vitro and in vivo experiments. 

RESULTS 
Survival Assay 

nr S^mn°i *° '"'i G207 
or Nyi020 decreased compared to control spedmens 
uLr.f^ °^ treatment (Student's t test. P <0.05) for 
all MOIs tested (Fig. I). A virus-to-cell i^tio (MOI) 
i ft A^r^ ^^^'^^'^^ ^"'"g MOIs 0.1 

Uriii for"".""" -^O-O^)- At 4 days. 
HTB147 and AsPC infected xvith G207 or NVim 
demonstrated less than 5% smirival 
Oable I). Cell survival was fowest in those cell lines 
with the shortest in vitro doubling times. NV1020 
was more effective than G207 at killing AsPC cells af- 
ter 2 dnys at all MOIs (P <0.01). Doubling times of 
the four human pancreatic cancer cell lines examined 
orehstedm Table I. The most rapidly dividing was 
U^In??. ra°st slowly dividing was 

hs766t (72 hours). Tumor doubling time corrited 
with surMval after mfection with G207 or NV1020. 

Viral Plaque Assays 

Viral progeny production was quantified after in- 
fecnon with G207 or NVI020 in bs766t and HTBI47 
the cell Imes with the longest and shortest doubling 

ri f n Tf' r ^^^^^ ini- 
tial MOI of O.OI, the ratio of virus to cells increased 



to G207 or NV1020 



57 



MOI - m 
•Cellline 
tRtt-ula a, 
counted n: 
(n - i) ni, 



Jltiplicity-of mfection. which is tlw ratio of virus tc 
lopulation doubling Bme measured in hours, 
e pcxtsniages 2 stindard deviition. All assaj-s wer 
- hemacytometer usittg trypan blue occlusion of 



MOI 0.01 


G207t 
MOI 0.1 


MOIl 




NV1020 




5J (±2) 
85 (±23) 
71 (±14) 
79 (i9) 


il(=i) 
42 Ci20) 
51 (*20) 
71 (=8) 


2(i2) 
4(±1) 
27 (±2) 
26 (i5) 


MOI 0.01 

32 (±12) 
38(ii4) 
73 (±9) 
71 (iH) 


MOI 0.1 

23 (±5) 
5 (±3) 
64 (±3) 
41 (±14) 


MOI I 

3 (±2) 
I (±2) 
2»(±3) 
23 (+7) 



only) wells. 



../f- -"c «cmsion ot nonviable cells. Sur%iva| of each cell I 
groups dnnded by the average („ = 3) number of ceik L the c! 



ntrol (inediui 



time tfter infection {days) $ 




infection (days) 




HTB147 
AiPC 
PANC-1 
hs7(S6i 



ifter infection (days) 



Fig. I. Survival of four pancreatic cancer ceU lines after exposure to G207 or iWl l)2n <; ■ i 




after infection (days) 

Fig. 2 Replication of G207 and maOZO in h.,-66c (A) md HTB147 (B) pancreatic cancer caU ,F 
every 24 hours and otrated by standard plaque assay. Vital titer is plotted as a fiinmVm nf J . 
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Fig. 3. Efficacy of diracc intratumoral G207 or N\a020 imVrrinn in ™ 

mcd.ua, ad,n,n,«er«d over J days (control, bJack cWe.), , X WpTof ^oy'^r^^^^^^ 

admidsied over 5 days SoTJ e tTeJ ZZt^l^""'' °^ ' ^'"^O 
3 weeks. Average n^or volum" 

Tutors i„ the G207 *«e dose t^arrnr^^u^w rt^^^^^^^^^ -^"^ <^ <0-0002). 

treatment groups <0.02). (B), HTBH? tSmor TOlu^Vmr/r .n- respective single^ose 

..entgroups wen. smaller than tho. in their respective sbgU^^ 
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Table n. Mean tu mor volume and proportion of nonpalpable tumor for each treatment g roup 
Tre; 



It group* Me«n hs76et volumeT 



Control 

G207 singlc-dose 
G207 three closes 
NV1020 single-dose 
MV1020 three dosei 



Proportion with 
h8766t tumor* 



99± II 
20±4§ 
4±2§ 
12±3§ 
13 ±6§ 



Mean HTBH7 volumet 



Proportion with no 
HTB147 tumort 



0/10 
I/IO 
4/10 
4/10 
4/10 



76 ± 16 

n ± 5§ 

19±3§ 
72 ±23 
12 ± 5§ 



O/IO 
0/10 
0/10 
O/IO 
O/IO 



free medium (control). 1 x 10' pfi, ofG207 (G207 single-dose . 1 x wTjmmSmm'i^T't I'^^ly 

.d«nni«««l ovct 5 days (G207 three doas) or thrte dose, of x 1 0'ifnf MV, nVn T- "^S^'""^"-'^^- d™« of 1 x 1 0' pfii of G207 

of response *« monitored for 5 weda of I x 10 pfi, of NV 1020 >dmm«tered aver 5 days (N\qo20 three dosei). Dtwtion 

IS« """J" °r '° "T*"" r Sraup) tumor v^lun.e * standard error of the men 

fR«ute ,re number of mmab wth nonpalpable tumon. at the end of the e^mmt 

tmtmn, tumor, in the G207 three-dose treatment Soum «d ATwim^™ s«gle-dose treatment groupCP <0.02). For HTBI47 

mem groups (P <0.02 and P <0.04. resi^W^) ^ ^ ""^ S«"ps were smaller than in the n=»pecnve .^ngleHte^ trrat- 



10 times for HTBI47 and 58 times for hs766t. For 
NV1020, ma.ximum MOIs increased 56 and 2444 
times, respectively. In both cell lines, peak viral'titer 
was higher for NV1020 than G207 by a ikctor rang- 
ing from 6 for HTB 147 to 43 for hs766t. 

Treatment of Flank Tumors 
in Athymic Rats and Mice 

Efficacy of intratumorai viral injection in suppress- 
mg flank xenografts in athymic mice was measured. 
HTB 147 and hs766t were chosen for the experiment 
because they had the shortest and longest in vitro 
doubling times, respectively. It should be noted that, 
although HTB 147 had the shortest in vitro doubUng 
time, It grew slowly in vivo, with a doubling time of 
10 days, compared with 3 days for hs766t. At the end 
of treatment, average hs766t tumor volumes were as 
follows: control, 99 ± 1 1; G207 single-dose, 20 ± 5- 
N\'102O singie-dose, 12 ± 3; G207 three doses, 4 ± 
2; and ISanOZO three doses, 13 ± 6 mm^ (Fig. 3, A). 
The average HTB147 tumor volumes were as follows" 
control, 76 ± 16; G207 sin?le-dose, 32 ± 5; NVI020 
single-dose, 72 ± 23; G207 three doses, 19 ± 3; and 
NV1020 three doses, 12 ± 5 mm^ (Fig. 3, m. Starting 
at 3 days (hs766t) and ' (HTB147) after treat- 
ment, tumor volume wa^ L';s cr in all treatment groups 
compared to control values (P <0.01), witli the ex- 
ception of HTB 147 luaiors treated wiili m^l020 
single-dose, which did not differ in size significantly 
from control values. "Bventy-five percent (5 of 20) of 
hs766t tumors treated widi G207 and 40% (8 of 20) 
treated with NVT020 were nonpalpable at 22 days af- 
ter treatment (Table II). There was no complete re- 
sponse to viral treatment in HTB 147 tumors. For 



hs766t, G207 three doses was more effective than 
SJr, m°des of 

rNJ\ 1020 admirastration were equally effective (see 
Fig 3. A). For HTB147, three-dose administration of 
each virus was more efifective than the respective sin- 
gle-dose treatment (P <0.04), 

DISCUSSION 

In order for a repUcation-competent oncolytic 
virus to be efFecrive for cancer therapy, it must be able 
to mfcct the tumor cell of interest, replicate to pro- 
duce progeny, and lyse the cells. This efficacy must 
then be^ balanced against the safety profile of the 
agent. G207 has been shown to be effective in a vari- 
ety of malignancies, including glioma,'^" mesoihe- 
homa,-" head and neck" and prostate^* cancer cells 
and metastases to the brain," liver." and peri- 
toneum.i'The efficacj-of NV1020 has been described 
previously m head and neck canceni,« In pancreatic 
cancer cells the oncolytic properties of G207 have 
been described in vitro." The current experiments 
extend dicse observations to another promising vims 
and also examine both viruses in vivo. The present 
study demonstrates that G207 and 1SVI020 effec- 
tively infect, replicate witWn, and Ull human pancre- 
atic cancer cells bodt in vitro and in vivo. 

The results of these experiments suggest that tlie 
proliferate characteristics of the target cell predict the 
response to viral treatment. The relatively more 
rapidly growing pancreatic cancer cell lines AsPC aiid 
HTB 147 had a greater response to both viruses dtan 
FANG-1 and hs766tin vitro. In other cell lines inves- 
tigated in our laboratory, the efficacy of G207 also 
correlated closely with doubUng time or S-phase frac- 
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tion. However, rhe in vivo characteristics of tu- 
mors may be the most important determinants of 
cbnical response to x-inl therapy. Although hs766c had 
a longer in vitro doubJing time than HTB147 in vivo 
hgddt ^yas the faster growing tumor and was more 
^"^"^>'i5^''''-'^tf d by both viruses compared to 
HTB147. The markedly higher viral proliferation in 
hs766tinay account for die high number of complete 
responses seen witli this cell line. 

NVl 020 produced higher quantities of viral prog- 
eny dian G207. The presence of one fiincdoning copy 
Qt the neurovtrulence and replication eiidencv 
y,34Jgcnc m NV1020, which apparently reduces de- 
pendence on the host cell for proliferation, may be re- 
sponsible for this difference in viral grovvth.'8.=8 In the 
hs76dt cen line, NV1020 produced much higher viral 
aters than G207. but no difference was seen in the 
abilit>' of each vims to kill hs766t tumors in vivo This 
may be due to the efficient killing of hs766t tumors 
by both erases. It may be that for a single sensitive 
ceJl Ime, maximum efficacy is achieved at a concen- 
tration of virus well below the amount achieved at 
peak production. Whether NVI020 is more efficient 
m humans^vhere tumors are more heterogeneous, 
requires furdier clinical investiption. 

Since these viruses are replication competent 
safeij' isues relating to viniJ dissemination and its im- 
pact m the host must be addressed. Both viruses were 
well tolerated by all animals. No animal inoculated 
^vlth either virus showed morbidity or mortalitv from 
the virus, and they continued to eat and groom. All 
animals sumved the experiment, VT«I dissemination 
m normal murine tissues has been quanriHed previ- 
ously by our laboratory using real-rime quantitative 
polymerase chain reaction, and no evidence of viral 
proliferation has been observed in any organ after 
subcutaneous inoculation of virus." Jn 'addition the 
mulcple mutations wthin the genome of these viruses 
make reveniion to wild tjT3e unlikely. Both viruses re- 
tain the thymidine kinase gene, making diem sensi- 
tive to acyclovir diet^py if dissemination occurs. Fur- 
thermore, both viruses have been tested in noahuman 
primates and have proved to be attenuated compared 
to wld-type strains.^'-*' ^ 

rlfnTii' '""f^ 'T"' >""P'i«rions for potential 
clmical apphcatjon of oncolytic HSV. In the adjin^ant 
settmg. when diere may be viable tumor cells present 
m die resectian bed but the tumor cell burden is low, 
dehveiy of sufficient virus to reach MOl of 1 to 100 
would be feasible. Even with no further local prolit" 
eration of virus, such high effective doses of vit^s will 
hkely kill residual tumor cells. This may be an ideal 
setting for the use of die more attenuated G207 On 
±e other hand, for patients widi large unresectable 
tumors, and for palliation, it will be important for lo- 
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ol production of vims to occur so diat progeny virus 
can enhance antitumor efficacy. In such situations, ad- 
ministration of IW1020 may be preferred, sine; its 
relatively higher proliferative rate may result in a 
higher effective dose at die tumor site. 

CONCLUSION 

• '^"^^J^f J^^^' "Pljcation-competent herpes simplex 
vimses G207 and NV1020 are effective aTleating e'! 

fnTer7nrr ^T''^' i"tratumoral 
injection. Cell surnval decreased after infection with 
each virus compared to control values, and both 
jmses were able to produce a burst of viral progeny 

m/inTh aT '° "'"^^ initial MOl. 

m/1020 had between 6 and 43 times higher viral 
progeny production dian G207. Bodi virmL were ef- 
ecove at o-eating paocreaac cancer xenografts, par- 
ticularly wid, a multipfc^dose regimen. These viruses 
represent a ne^v clas.s of agents and a novel treatment 
approach to pancreatic cancer, which is largely resis- 
tant to standard dierapy ^ ^ 
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Discussion 

Dr. Douglas L Fraker (Pbihddphk, Pa.). Regarding 
neurotropism, are there data in primate models that are a 
more typical host of these herpes ^imses or data that this 
totallj' eliminates the neurotoxicity? Coold you .-jpccuJate 
on how you would get around the problems of delivery io 
clinical pancreatic cancer, as well as on generation of ho.st 
immunity.' 

Dr. Jarnagln. In preclinical toxicolog>' studies, per- 
formed in Aotus monkeys that arc exquisitely sensitive to 
wUd-type herpes virus, the animals did not develop sig- 
nificant clinical neurologic toxicity. In previous experi- 
ments, when we used intraportal injections in a metastatic 
colon cancer model and then analyzed brain and other tis- 
sues by polymerase chain reaction, none of the tissues 
other than liver had evidence of viral gene presence As 



far as delivery is concerned, it depends on the situat 
For example, after tumor resection, viruses could c 
ceivabiy be delivered through an intraperitoneal port or 
simply placed in the operative field. In a patient with an 
unresectable tumor, it wojild be a bit difficult to deliver 
viruses intra-arterially, but perhaps direct injection even 
endoscopically would be possible. In regard to hostim- 
niumty, preformed antibodies to herpes viruses do not 
climmate the abi]it>' of the viruses to kill cells in primate 
or mouse models. 

Dr. John P. Homnan (Philadelphia, Pa.). You implied 
fa-om your introduction that we need better systexnic ther- 
apies for pancreatic cancer. Have you used this metastotic 
model to determine whedier or not die virus can oo else- 
where? " 
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Dr Jarnagm. Not in pancreatic cancer, but in other 
models yes we have. In colorectal cancer cell Unes metasta- 
tic to the hver, we and others have shown that this is do- 
tentialJy effective, and perfiision of the portal vein with 
virus acrua% results in selective infection of the metastatic 
deposits witbn the liver. '^^wut 

whf "'^ ^^"T"' °° have any idea 

what the mechanism of cytotojiidty is? 
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Dr. Jarmgin. It seems, boldng at the histology, d,at it 
s mosdy direct cell lysis. There is some evidence of rpop- 

transgene to these viruses to affea cell kill' 

reIr.iT^^^' '"'"^ """^ ^ra' ^«"ins that are 
replicanon competent. oncoWc, and e.xpress hi<rh level of 
vano« mmd,my genes, such as IL- 12 and K 



